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(54) Brush seal device 

(57) A brush seal unit can be formed in any size by 
coupling split brush-seal pieces, and the brush seal 
units can be easily stacked. In order to obtain such de- 
vice, the brush seal unit of a brush seal device (2) com- 
prises split brush-seal pieces (4) divided into a plurality 
of pieces, and each of the split brush-seal pieces has a 
projection (1 2B) on one split face at its base section and 
a recess (1 2A) on the other split face at its base section. 
The projection and the recess engage the correspond- 
ing recess and projection, respectively. 



FIG. 1 
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Description 

[0001] The present invention relates to a brush seal 
device for sealing a clearance formed between a shaft 
and its mating component that are relatively displacea- 
ble. More particularly, the present invention relates to a 
brush seal device for sealing a clearance formed be- 
tween two components relatively displaceable, wherein 
■ a split brush-seal piece of a thin plate has a brush sec- 
tion on its one side and a base section on the other side 
and is formed with a projection on its one split face and 
a recess on its other split face, both the projection and 
recess being able to engage the corresponding recess 
and projection on the mating brush-seal pieces, respec- 
tively, and a plurality of split brush-seal pieces are con- 
nected in order to obtain a brush seal in any size. 
[0002] As one related art of the present invention 
there exists a brush seal device 100, as shown in Fig. 
14. 

[0003] Fig. 14 is a sectional view of a brush seal de- 
vice 1 00 mounted between a rotary shaft 1 20 and a cas- 
ing 110 through which the rotary shaft 120 passes. The 
rotary shaft 1 20 and the casing 1 1 0 are components of, 
such as a steam turbine and gas turbine. The brush seal 
device 100 seals fluid by separating the space formed 
between the casing 110 and the rotary shaft 120 that 
displace relatively. 

[0004] In Fig. 14, the brush seal device 100 is formed 
in a ring shape and secured in a channel section 112 of 
the.casing 110. The brush seal device 100 has a brush 
seal 1 09 to which a backing plate 1 02 and support plate 

103 are attached as its accessories. In the brush seal 
109, bristles 101 are arranged in a circle to form a wall 
and coupled together at one end to form an attachment 
section 1 04. The free end 1 05 of the brush seal 1 09 fac- 
es the rotary shaft 120. The diameter of the bristle 1 01 
used is generally 0.02 to 0.5 mm. Tens or hundreds of 
thousands of bristles are used for this purpose. 
[0005] On one side face of the brush seal 109 is lo- 
cated an annular backing plate 102 with its side face 
1 08 in contact with the brush seal 1 09 and supports the 
bristles 101 against the action of the pressure of the 
sealed fluid. 

[0006] Also, on the other side surface of the brush 
seal 1 09 is integrally placed a support plate 1 03 formed 
in the shape of a ring plate so as to, in cooperation with 
the backing plate 102, sandwich the brush seal 109 at 
its attachment section 104 side. The length of the sup- 
port plate 1 03 in the radial direction is made small so as 
to allow the brush seal 109 to be exposed to deform. 
One ends of the backing plate 1 02, attachment section 

104 of the brush seal 109, and support plate 103 are 
welded together to form a coupling section 106. 
[0007] Figs. 1 5A and B are front views of part of the 
brush seal 109 shown in Fig. 14. The brush seal device 
100 in Fig. 15A is in a state that the brush seal 109 and 
the rotary shaft 1 20 are normally fit each other such that 
there occurs no relative oscillation therebetween and 



the straight bristles 1 01 are straightly inclined in the ro- 
tational direction with respect to the radial direction of 
the rotary shaft 120. The normal state of the brush seal 
1 09 is that the rotary shaft 1 20 contacts or approximates 

5 to the free end 105, as shown bythe solid line in Fig. 14. 
[0008] In the brush seal 1 09 formed in such a way de- 
scribed above, the larger the diameter of the brush seal 
109 is, the more difficult the production thereof, due to 
the increase of the number of the bristles 101 to hun- 

10 dreds of thousands. Specifically, fixing the bristles 1 01 
between the backing plate 102 and the support plate 
103 while slanting the bristle 1 01 , further increases its 
manufacturing cost. 

[0009] Additionally, because the brush seal 109, 
'5 backing plate 1 02, and support plate 1 03 are welded to- 
gether into one piece, the backing plate 1 02 and the sup- 
port plate 103 must have a larger thickness for strength- 
ening them in a larger brush seal device 1 . Thus, not 
only the yield of material is reduced by the increase of 
20 the number of the bristles 1 01 , but also yield of material 
involved in the number of the backing plates 1 02 or the 
support plates 103 that can be cut out from one steel 
plate is reduced. 

[0010] A brush seal device shown in Fig. 1 6 is another 

25 related art of the present invention. The leaf device in 
Fig. 1 6, has a number of thin plates as a leaf seal 209, 
that are piled in the circumferential direction of the rotary 
shaft 120 and seals a high pressure area P1 and a low 
pressure area P2. 

30 [0011] Outer peripheral of the leaves 209 is brazed to 
form an attachment section 104 and then mounted in a 
channel section of a casing 110 through the brazed at- 
tachment section 104. Also, a backing plate 102 is lo- 
cated on the side face of the leaf seal 209 that faces the 

35 low pressure area P2, a support plate 1 03 is located on 
the opposite side face that faces the high pressure area 
P1, and thus both the plates 102 and 103 support the 
both side faces of the leaves 209, respectively . 
[0012] However, when the rotary shaft 120 eccentri- 

40 cally presses against the leaf seal 209 that are formed 
in the way above, the leaves 209 of piled thin plates 
forming an annular body is not given a space ample to 
deform itself, and the spring constant corresponding to 
the elastic deformation is therefore increased, which 

45 causes a problem such that it is difficult to follow the ec- 
centric movement of the rotary shaft 120. To overcome 
this drawback, the clearance between leaf seal 209 and 
the outer circumference surface of the rotor 120 has 
been selected larger, but a problem concerning to the 

so capability of preventing the leakage of fluid to be sealed 
is also present. 

[0013] Additionally, the pressure of the sealed fluid 
acts on the brush seal 209 in the direction of the surfaces 
of the piled thin plates forming the seal 209 and, as the 
55 result, gaps between the piled plates are forcedly in- 
creased. Accordingly, also in this case, a problem con- 
cerning to the capability of preventing the leakage of flu- 
id to be sealed is present. 
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[0014] Moreover, the leaf seal 209forming an annular 
body includes some hundreds of thousands thin plates 
used. Therefore, it is extremely difficult to fabricate the 
leaves 209 and the yield of material is also poor. Further, 
as the length along the outer circumference of the an- 
nularbody of the brush seal 209 is longer than that along 
the inner circumference, spacers are necessarily dis- 
posed on the outer circumference to compensate the 
difference in the circumferential length between the out- 
er and inner circumferences. However, gaps still remain 
between the surfaces of the piled plates. In this view- 
point, there also exists the problem of sealing ability. Al- 
so, as a whole, the leaves 209 constitutes a ring, thereby 
to cause its elasticity to be lost, so that the flexibility 
thereof may be reduced and the free end 105 of the 
leaves 209 be worn quickly. 

[0015] In the brush seal device 1 00 constituted as de- 
scribed above, when the rotary shaft 120 is vibrated or 
oscillated to contact the brush seal 109 involved in any 
vibration, oscillation or the like, the brush seal 109 is 
pressed against the rotary shaft 120, and at he same 
time its tilt angle is increased, as shown in Fig. 1 5B. 
[0016] Referring to Fig. 1 4, the clearance C generated 
between the free end 1 05 of the bristles 1 01 , at the po- 
sition diametrically opposite to the position where the 
rotary shaft 120 presses against the brush seal 101 (in 
the state shown in Fig. 15B) becomes larger due to the 
oscillation of the rotary shaft 1 20, as shown by phantom 
line in Fig. 14 : which will cause leakage of the sealed 
fluid though the clearance C. In order to prevent this 
leakage, the bristles 101 are slanted toward the rota- 
tional direction of the rotary shaft. However, because 
hundreds of thousands of bristles 101 are arranged to 
form a wall in a bundle as a seal device, the yield of 
material may become poor, and it may be extremely dif- 
ficult to fabricate an attachment structure in which bris- 
tles 101 are slanted. 

[0017] Further, the bristles 1 01 of steel wire are forc- 
edly separated to each other by the pressure of the 
sealed fluid, which also present a problem of its sealing 
ability. 

[0018] Also, in the leaf seal 209 in Fig. 16, because 
the thin plates are coupled together along the direction 
of action of sealed fluid, the sealed fluid will pass or leak 
through gaps between the surfaces of neighboring 
plates. In addition, the flexibility of the free end 105 of 
the leaf seal 209 must be reduced, clearance between 
the rotary shaft 120 and itself must be larger, and the 
problem of sealing ability also occurs. Also, the thin 
plates forming the leaf seal 209 are layered one by one 
along the circumference of the rotary shaft 120, resulting 
in a large number of thin plates being required and yield 
of material being reduced. Further, the increase of ma- 
terial will adversely reduce the flexibility and the wear 
on the leaves 209 is therefore accelerated by the friction 
generated at the tip of the leaf seal 209. ' 
[0019] The present invention has been made in con- 
sideration of the problems as described above, and 
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therefore the technical problem is to enable the produc- 
tion of a brush seal having smaller parts of material re- 
gardless of its size, so that yield of material can be im- 
proved. Also, it is an object of the present invention to 

5 achieve to manufacture brush seals easier, so that pro- 
duction equipment cost can be reduced. 
[0020] Also, it is another object of the present inven- 
tion to easily form the attachment section and also easily 
mount the brush seal device to machinery and equip- 

10 rnent without disassembling them. Also, it is still another 
object of the present invention to provide a brush seal 
easily replaceable when it is damaged. 
[0021] In addition, it is yet another object of the 
present invention to increase the sealing ability of the 

is brush seal. 

[0022] The present invention has been made to solve 
the problems as described above, and technical means 
for solving the problems are constituted as described 
hereinafter. 

20 [0023] The brush sea! device of a preferred embodi- 
ment according to the present invention is one mounted 
on one of two components that are relatively rotated, for 
sealing the clearance given between the two compo- 
nents, comprising: 

25 

a brush seal having brush seal units made of thin 
plate, each brush seal unit having a brush section 
with slits on a side of the thin plate that faces the 
other component and having a base section on the 
30 opposing side that is fixed on the one component, 

wherein the brush seal unit of the brush seal has 
a plurality of split brush-seal pieces, and each of the split 
brush-seal piece has on its split surfaces engagement 
35 portions, one having a projection and the other having 
a recess, which are capable of engaging a correspond- 
ing recess and a projection of mating split brush-seal 
pieces, respectively. 

[0024] According to the brush seal device of a pre- 
40 ferred embodiment of the present invention, the brush 
seal is divided into a number of split brush-seal pieces 
and each of the split brush-seal pieces has a projection 
and a recess in its both split surfaces, so that it is easy 
to position and assembly and the binding forces at the 
45 engagement section are strong. 

[0025] Furthermore, the split brush-seal piece is small 
even if a brush seal device is larger, and therefore a 
number of split brush-seal pieces can be obtained from 
a thin plate, resulting in the improvement of the yield of 
50 material. 

[0026] Further, because the attachment section of the 
brush seal is formed in the base section of a thin plate, 
the assembly work for stacking is facilitated in assem- 
bling the brush seal device. Moreover, the bristles on 
55 one side of a thin plate are formed in the shape of strips, 
so that the bristles integral with the attachment section 
is easily attached, and the plate-like bristles have effec- 
tive ability to seal. 
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[0027] Additionally, a number of split brush-seal piec- 
es can be produced from a thin steel plate by etching 
process or the like, so that machining or processing is 
easy to perform, and equipment cost can be reduced. 
[0028] For a better understanding of the invention and 
to show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the ac- 
companying drawings, in which:- 

Fig. 1 is a sectional view, showing in half the first 
embodiment of a brush seal device; 

Fig. 2 is af ront viewof FIG. 1 , as seen from the axial 
direction; 

Fig. 3 is a plan view, showing a brush seal unit ac- 
cording to the first embodiment in Fig. 1 ; 

Fig. 4 is a plan view, showing the first embodiment 
of a split brush-seal piece in a brush seal unit in Fig. 
3; 

Fig. 5 is a plan view, showing the second embodi- 
ment of a split brush-seal piece; 

Fig. 6 is a plan view, showing the third embodiment 
of a split brush-seal piece; 

Fig. 7 is a plan view, showing the fourth embodiment 
of a split brush-sea' piece; 

Fig. 8 is a plan view, showing the fifth embodiment 
of a split brush-seal piece; 

Fig. 9 is a plan view, showing the sixth embodiment 
of a split brush-seal piece; 

Fig. 10 is a plan view, showing the seventh embod- 
iment of a split brush-seal piece; 

Fig. 11 is a plan view, showing the eighth embodi- 
ment of a split brush-seal piece; 

Fig. 12 is a plan view, showing the second embod- 
iment of a brush seal unit; 

Fig. 13 is a plan view, showing a split brush-seal 
piece of Fig. 4, obtained from a thin plate to be ma- 
chined; 

Fig. 14 is a sectional view, showing a brush seal 
device of a related art; 

Fig. 1 5A is a plan view, showing a portion of a brush 
seal device of the related art; 

Fig. 1 5B is a plan view, showing a brush seal device 
in a state that a rotation shaft is in contact; and 
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Fig. 1 6 is a perspective view, showing a brush seal 
device of another related art. 

[0029] Some embodiments of the brush seal device 
will be described in detail hereinafter with reference to 
the accompanying drawings. The drawings are not con- 
ceptual but design drawings. 

[0030] Fig. 1 is a sectional view, showing in half the 
first preferred embodiment, in which a brush seal device 
1 used in a gas turbine device separates the clearance 
between the bore of a casing 50 and a rotor 60 inserted 
therein to divide into a high pressure area P1 and a low 
pressure area P2. 

[0031] In Fig. 1, the reference numeral 1 denotes a 
brush seal device. A fixing section 20 on the outer cir- 
cumference side of the brush seal device 1 is mounted, 
through a snap ring 1 2, on a step 51 in the inner circum- 
ference of the casing 50 which is the other component 
of the two components. The fixing section 20 may be 
mounted to a channel section 51 defined by in an as- 
sembled structure. The free end portion 5 at the inner 
circumference side of the brush seal device 1 is ar- 
ranged to face the outer circumference of the rotor 60 
as the other component, in contact therewith or close 
thereto. Thus, the fluid in the high pressure area P1 is 
sealed by the brush seal device 1 . 
[0032] In the brush seal device 1 , a brush seal 2 is the 
main component, while a backing plate 6 and a support 
section 10 are accessories. 

[0033] Among those components, the brush seal 2, 
as shown in Figs.1 and 2 is constituted with a plurality 
of brush seal units (brush seal unit plate) 2P piled or 
stacked to form a wall. The brush seal unit at its inner 
side is formed with strips that are slanted toward the ro- 
tational direction of the rotor 60, shown as a brush sec- 
tion 2A. The base section 2B at its outer side defines an 
attachment section 3. 

[0034] The brush section 2A is formed into brushes 8 
constituted with a number of strips formed such that an 
annular thin plate has thin strips at its inner side and 
each strip has a square or rectangular shape in cross 
section. Also, outer circumference end portions of the 
strips are welded or press-welded together to form an 
attachment section 3. 

[0035] Fig. 2 shows a plan view of a brush seal device 
1 in Fig. 1 . The brush seal 2 is composed of a plurality 
of stacked and integrated brush seal units 2P in the first 
embodiment, as shown in Fig. 3. The brush seal unit 2P 
is formed as. an annular plate made from a thin plate, as 
shown in Fig. 3. The brush seal unit 2P at its inner cir- 
cumference side is formed into a number of brushes 8 
as strip like bristles to define a brush section 2A. Also, 
the brush seal unit 2P at its outer circumference side is 
formed as a base section 2B on the thin plate. 
[0036] The brush seal unit plate 2P is equally divided 
along its circumference direction. The divided split 
brush-seal piece (also referred to as a module plate) 4 
is in the shape as shown in Fig. 4 which is a plan view 
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of the split brush-seal piece 4. A circular recess 1 2A is 
formed on a divided face 11 of base section 2B consti- 
tuting the attachment section 3 of the split brush-seal 
piece 4. A projection 12B having a projecting circular 
shape is formed on the other divided face 11 of the base 5 
section 2B. The recess 12A and the projection 12B are 
formed such that they fit each other, and the combined 
projection and recess form an engagement portion 12. 
[0037] A brush section 2A formed into strips is formed 
at the inner (inner diameter) side of base section 2B of 10 
the split brush-seal piece 4. The brush section 2A is 
slanted toward the rotational direction of a rotor 60. The 
brush section 2A is composed of a number of brushes 
8 as bristles having a cross section of a rectangular or 
quadangle. The split brush-seal piece 4 can be easily 15 
formed by fine processes, such as etching, wire electric 
discharging and pressing. 

[0038] In one embodiment of the split brush-seal 
piece 4, slits 9 forming triangular spaces are provided 
on its inner circumference side of an arced thin plate. 20 
Brushes 8 formed with the slits 9 are formed as plate- 
like bristles having rectangular (rectangle or square) in 
cross section, and the dimensions of the cross section 
in each brush 8 is (0.5-0.005)x(0.5-0.005)mm, prefera- 
bly (0.20-0.008) x (0.2-0.018) mm. The length is 5-50 25 
mm. The thickness of the thin plate is 0.5-0.003 mm. 
The thickness of the wall in which the brush seals are 
stacked 0.5-5 mm or 0.01 -0.5mm, depending on the 
pressure of the sealed fluid. The wall herein means a 
partition formed by stacking the brush seals 2 in the di- 30 
rection of the action of sealed fluid. 
[0039] Materials of the brush seal 2 includes, for ex- 
ample, steel, stainless steel, nickel-base alloy and ce- 
ramic. 

[0040] Split brush-seal pieces 4 in Figs. 5 to 11 show 35 
the second to eighth embodiments. 
[0041] Fig. 5 is a plan view of the second embodiment 
of the split brush-seal piece 4. 

[0042] The entire structure of the split brush-seal 
piece 4 is almost the same as that having a shape as *o 
shown in Fig. 4. A specific difference is a structure of an 
engagement portion 12. The shape of a recess 12A of 
the engagement portion 12 is that of a recess 12A of 
Fig. 4 with a notch 12A1 , allowing to have elasticity. Al- 
so, the shape of a projection 1 2B in the engagement 45 
portion 1 2 is same to that of a projection 12B with a slit 
21 in Fig. 4. The slit 21 allows the projection 1 2B to have 
elasticity. By forming an engagement portion 1 2 so as 
to have elasticity, binding force of the engagement por- 
tion 12 is strengthened, so 
[0043] Fig. 6 is a plan view of the third embodiment of 
a split brush-seal piece 4. In the split brush-seal piece 
4 in Fig. 6, the shape of the projection 1 2B and its mating 
recess 12A that constitute the engagement portion 12 
is in the shape of an arrow. Also, the projection 12B of 55 
the engagement portion 12 is formed to project in the 
shape of a projecting arrow such that it can engage with 
the recess 12A. The engagement portion 12 functions 



to prevent the split brush-seal pieces 4 mated each oth- 
er from coming off. It is adopted in a small brush seal 
device 1 . 

[0044] Fig. 7 is a plan view of the fourth embodiment 
of the split brush-seal piece 4. In the split brush-seal 
piece 4 in Fig. 7, the shape of the recess 12A of the 
engagement portion 12 is a hexagon. Also, the shape 
of the projection 1 2B of the engagement portion 1 2 is a 
projecting hexagon such that it can engage with the re- 
cess 12A. The engagement portion 12 is connected 
such that the connected split brush-seal pieces 4 do not 
oscillate each other. 

[0045] Fig. 8 is ;a plan view of the fifth embodiment of 
a split brush-seal piece 4. The split brush-seal piece 4 
in Fig. 8 is the one in which the recess 12A of the en- 
gagement portion 1 2 is formed as a recessed circle. Al- 
so, the projection 12B of the engagement portion 12 is 
formed in C-shape provided with a slit portion 22 at the 
base where the recess 1 2A is engaged. The engage- 
ment portion 12 is connected such that the split brush- 
seal pieces 4 are firmly connected. 
[0046] Fig. 9 is a plan view of the sixth embodiment 
of a split brush-seal piece 4. The split brush-seal piece 
4 in Fig. 9 is the almost the same as the split brush-seal 
piece 4 in Fig. 8. The difference is that a slit portion 23 
forming a C-shaped projection 12B is not located at the 
root but at the tip. 

[0047] The engagement portion 12 in this case func- 
tions similarly as in the case in Fig. 8. 
[0048] Fig. 10 is a plan view of the seventh embodi- 
ment of a split brush-seal piece 4. The split brush-seal 
piece 4 in Fig. 1 0 is the one in which the recess 12A of 
the engagement portion 12 is formed in a circle. Also, 
the projection 12B of the engagement portion 12 is 
formed in S-shape so as to engage the recess 1 2A. The 
engagement portion 12 is connected such that the split 
brush-seal pieces 4 are firmly connected. 
[0049] Fig. 1 1 is a plan view of the eighth embodiment 
of a split brush-seal piece 4. The split brush-seal piece 
4 in Fig. 11 is the one in which the recess 12A of the 
engagement portion 12 is formed in L-shape. Also, the 
projection 12B of the engagement portion 12 is formed 
in L-shape such that it engages the recess 1 2A. The en- 
gagement portion 12 is connected such that the con- 
nected split brush-seal pieces 4 do not come off. 
[0050] By coupling the engagement portions 12 of the 
split brush-seal pieces 4, a brush seal unit 2P can be 
assembled. The brush seal units 2P are stacked to form 
a brush seal 2. The brush seal 2 is sandwiched at the 
both sides of the attachment section 3 by a backing plate 
6 and a support plate 1 0 to form a fixing section 20 of 
the brush seal device 1 . 

[0051] As shown in Fig. 1, the backing plate 6 has a 
fixing section 6A for supporting the attachment portion 
3 of the brush seal 2 and a support face 7 for supporting 
the brush seal 2 against the pressure of the sealed fluid 
such that the brush seal 2 is not extremely bent. The 
brush seal 2 and the support face 7 may be in contact 
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each other as shown in Fig. 1 , or may be separated each 
other. 

[0052] The free end 5 of the brush seal 2 contacts the 
rotor 60 when the rotor 60 oscillates to a great extent. 
However, the brushtsection 2a is composed of a number 5 
of fine plate-like brushes 8 having angular cross section, 
so that their spring constant is small, and it follows elas- 
tically in response to the oscillation of the rotor 60 even 
if it contacts the rotor 60, thereby to prevent the brushes 
8 from being worn. The brush seal 2 is allowed to deform 10 
resiliently, following to the displacement of the rotor 60 
even if the brush seal 2 contacts the rotor 60. That is, 
the contact pressure is relaxed, corresponding to the 
spring constant preset for the brush seal 2 when the ro- 
tor 60 oscillates. In addition, when the rotor 60 oscillates *5 
to an extent slightly more, the angular plate-like brushes 
8 of the brush section 8 further decreases the contact 
pressure, thereby to reduce wearing action. 
[0053] In the brush seal 2, the attachment section 3, 
the backing plate 6 and the support plate section 1 0 are 20 
welded together with electron beam or the like. The 
three-piece welding area defines the fixing section 20. 
The support plate section 1 0 is formed into a ring shape 
with the length smaller than that of the backing plate 6 
in the radial direction. In Fig. 1 , the length of the support 25 
section 10 is equal to that of the fixing section 20. The 
former length may be approximate to that of the backing 
plate section 6 in the radial direction. In this case, be- 
tween the brush seal 2 and the side surface of the sup- 
port section 1 0 is formed a space into which the sealed 30 
fluid flows. 

[0054] It is preferred to select the material of the back- 
ing plate 6 and the support section 1 0 , depending on the 
coefficient of linear thermal expansion of the casing 50. 
They are made of, for example, nickel base alloy, iron, 35 
steel, stainless, or other non-ferrous metal. Various 
kinds of materials are selected, depending on the type 
of sealed fluid, temperature or other conditions in appli- 
cation fields. 

[0055] Fig. 12 is a plan view of a brush seal unit 2P *o 
of a brush seal device 1 according to the second em- 
bodiment. 

[0056] The brush seal unit 2P is located within a 
straight space. The base section 2B of the brush seal 
unit 2P is made rectangular, and a recess 12A and a 45 
projection 12B are formed on both split surfaces 11,11 
of the base section 2B. By connecting the recesses 1 2A 
and the projections 1 2B to form engagement portions 
12 in order, the brush seal unit 2P is completed. The 
brush section 2A of the brush seal unit 2P is slanted to- so 
ward a row direction, but it is possible not to be slanted, 
that is, may be extend along the row direction. Other 
configurations are similar to that of the brush seal unit 
2P in Fig. 3. 

[0057] Fig. 13 is a plan view : showing to obtain a 55 
number of split brush-seal pieces 4 in Fig. 4, from a thin 
steel plateS. In Fig. 13, 25 split brush-seal pieces 4 can 
be obtained from a thin plate by etching process. Thus, 



the yield of material is increased by taking a number of 
pieces in this way. This is achieved by providing the en- 
gagement portion 12 on the split surfaces 11 of a split 
brush-seal piece 4. 

[0058] Now, still another preferred embodiment will be 
described. 

[0059] The second embodiment of a brush seal de- 
vice 1 is a brush seal device 1 mounted on one of two 
components that are relatively rotated, for sealing the 
clearance given between the two components, compris- 
ing: 

a brush seal 2 having brush seal units 2P made of 
thin plate, each brush seal unit 2P having a brush 
section 2A with slits on one side of the thin plate 
that faces the other component and having a base 
section 2B on the opposite side that is fixed on the 
one component; 

a backing plate 6 for supporting an attachment sec- 
tion 3 of the brush seal 2; 

a support section 1 0 for supporting the attachment 
section 1 0 between the backing plate 6 and the sup- 
port section 10; 

wherein the brush seal unit 2P of the brush seal 2 
has a plurality of split brush-seal pieces 4, and each of 
the split brush-seal piece 4 has on its split surfaces 11 , 
11 of the base section 2B engagement portions 12, 12, 
one having a projection and the other having a recess, 
which are capable of engaging a corresponding recess 
and a projection of mating split brush-seal pieces 4, re- 
spectively. 

[0060] In the second embodiment of a brush seal de- 
vice 1 , a brush seal 2 is divided into a number of split 
brush-seal pieces 4 and the engagement portions 12 
having a projection and a recess are formed on both split 
faces 11, 11 of respective split brush-seal piece 4, so 
that positioning and assembly work are easy to perform, 
and the coupling force at the engagement portion 12 is 
increased. 

[0061] Furthermore, the split brush-seal pieces 4 can 
be designed to be smaller even if a brush seal device 1 
is larger in size, so that a number of split brush-seal piec- 
es 4 can be produced from one thin plate. As the result, 
the yield of material is improved. 
[0062] Further still, because the attachment section 3 
of the brush seals 2B is formed at the base section of 
thin plates, the work to stack them during the assembly 
operation of the brush seal device 1 is easy. In addition, 
brush portion 8 is formed with strips on one side of the 
thin plate, so that each brush portion 8 integral with the 
attachment section 3 is easy to be attached, and each 
of the plate-like brush portions 8 has been improved in 
sealing ability. 

[0063] Moreover, the use of etching process facili- 
tates to manufacture a number of split brush-seal pieces 
4 from one steel plate, and equipment investment cost 
can be reduced. 
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[0064] Further, in a brush seal device 1 of third em- 
bodiments, engagement portions 1 2 of a split brush-seal 
piece 4 have a projection 12B in a circular shape atone 
of the split face 1 1 and a recess 1 2A in a circular shape 
at the other split face 1 1 which engages with a projection 5 
12B of a mating split brush-seal piece 4. 
[0065] According to the third embodiment of a brush 
seal device 1 , since the projection and the recess of the 
engagement portions 12 are formed in a circular shape, 
two corresponding engagement portions 1 2 can be eas- 10 
ily and firmly engaged by aligning to fit the engagement 
faces of the corresponding engagement portions 12. Al- 
so, it is easy to disengage the engagement portions 12 
by the application of force in the direction of the engage- 
ment surface onto the projection 1 2B. Respective brush is 
seals 2 are stacked one by one to easily assemble a 
device. 

[0066] According to the forth embodiment of a brush 
seal device 1, in one split face 11 of a split brush-seal 
piece 4 is provided a C-shape projection 1 2B, and in the 20 
other split face 11 is provided a circular recess 12Athat 
can engage a projection 12B. 

[0067] In a brush seal device 1 of the fourth embodi- 
ment, since the projection 12B of the engagement por- 
tion 12 is formed in C-shape, elasticity toward the outer 25 
diameter can be effected, and the coupling force can be 
strengthened. 

[0068] In a brush seal device 1 according to claim 5, 
an annular brush seal 2 is formed by connecting through 
engagement portions 12 a plurality of split brush-seal 30 
pieces 4, each of the inner circumferences of which is 
generally formed in an arc shape. 
[0069] According to the brush seal device 1 of claim 
5, an annular brush seal device 1 can be easily obtained 
by coupling the engagement portions 12 of split brush- 35 
seal pieces 4. Besides, since the split brush-seal pieces 
4 can be cut out from a small plate even if the brush seal 
device 1 is larger the yield of material is improved. 
[0070] In addition , a number of split brush-seal pieces 
can be taken from one steel plate efficiently through 40 
etching process or the like, so that production cost can 
be reduced. 

[0071] A brush seal device according to the preferred 
embodiments has a configuration in which a brush seal 
unit is divided into a number of split brush-seal pieces *s 
with a projection and a recess on the both side, so that 
the coupling force between the split brush-seal pieces 
is great and easy work to assemble the brush seal de- 
vice is achieved. 

[0072] Also, since engagement portions of the split 50 
brush-seal pieces are coupled each other to form a 
brush seal device even if the brush seal device is large 
in size, a number of small split brush-seal pieces can be 
cut out from one thin sheet plate, and the yield of mate- 
rial is improved. ss 
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Claims 

1 . A brush seal device (1 ) mounted on one of two com- 
ponents (50, 60) that are relatively rotated, for seal- 
ing the clearance given between the two compo- 
nents, characterized by comprising: 

a brush seal (2) having brush seal units (2P) 
made of thin plate, each brush seal unit (2P) 
having a brush section (8) with slits (9) on one 
side of the thin plate that faces the other com- 
ponent and having a base section (2B) on the 
opposing side that is fixed on the one compo- 
nent; 

wherein the brush seal unit (2P) of the brush 
seal (2) has a plurality of split brush-seal pieces (4), 
and each of the split brush-seal pieces (4) has on 
its two split faces engagement portions (12), one 
having a projection and the other having a recess, 
which are capable of engaging a corresponding re- 
cess and a projection (12B) of mating split brush- 
seal pieces (4), respectively. 

2. A brush sea! device according to claim 1 , further 
comprising a backing plate (6) for supporting the at- 
tachment section (3) of the brush seal unit and a 
support section (10) for supporting the attachment 
section (3) between the backing plate (6) and the 
support section (10). 

3. A brush seal device according to claim 1 or 2, 
wherein the engagement portion (12) of the split 
brush-seal piece (4) has a projection (12B) in a cir- 
cular shape on one of the split faces and a recess 
(12A) in a circular shape on the other split face to 
engage the projection (1 2B) of a mating split brush- 
seal piece (4). 

4. A brush seal device according to claim 1 , wherein 
the engagement portion (12) of the split brush-seal 
piece (4) has a C-shape projection (12B) on one of 
the split faces and a recess (1 2A) in a circular shape 
on the other split face to engage the projection of a 

. mating brush-seal piece. 

5. A brush seal device according to any one of the pre- 
ceding claims, wherein the annular brush seal is 
formed by connecting through engagement por- 
tions (12) a plurality of split brush-seal pieces (4), 
each of the inner circumferences of which is gener- 
ally formed in an arc shape. 
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